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Au、Ag三种纳米粒子表面合成 Al2O3、TiO2和 SiO2三种壳层，壳层厚度从 1 nm


































Saccharomyces cerevisiae is one of the model organisms in the study of 
eukaryotic cells. In this thesis, we investigate research methods on microfluidic 
chip and Raman spectroscopy for yeast cells. Specific contents are as follows: 
1. Immobilization of yeast is needed in the process of Raman detection. It 
is still a problem for yeast immobilization on chips, as a result of yeast hard cell 
wall and the elliptical cell shape, and thus not easy to deform. On the basis of 
preliminary exploration of growth characteristics of yeast cells, two methods of 
preparing yeast cell array with immobilized yeast on chip were proposed. First, 
yeast cell array was prepared on micro pillar surface based on the PDMS micro 
pillar array. It was easily to control the number of yeast cells on the micro pillars 
by adjusting the size and spacing, and single cell array could be reached when 
the size of micro pillars was small enough. Second, yeast cells are patterned 
based on lift-off method and combination of the use of poly-L-lysine. 
2. Yeast chip for Raman detection was designed and prepared. Single 
yeast cell Raman detection was achived. A glass/hollow PDMS thin film/quartz 
microfluidic chip configuration was proposed. Fine results of single yeast cell 
Raman signal was obtained. 
3. MTT test is one of the conventional experimental techniques to evaluate 
activity of cells. A MTT test method for single cell Raman detection was 
proposed and established. Several factors such as reaction time, laser power 
and collection time were investigated. Raman signal of formazan from individual 
yeast cell was obtained by optimizing collection conditions. 
4. Shell-isolated nanoparticles (SHINs) can avoid miscellaneous peak and 
huge background signals due to its clean surface, and is convenient for the 














 and SHINERS detection of yeast cell was made. However, it is not easy to 
produce large quantities SHINs by chemical method. A method of preparing 
SHINs by atomic layer deposition (ALD) technique is proposed and established. 
By exploring and optimizing reaction conditions such as depostion mode, 
reaction temperature, purge time and chamber press, three kinds of metal 
nanoparticles (Au, Ag and Cu) was covered with SiO2, TiO2 and Al2O3 three 
kinds of shell. The shell thickness is controllable from 1 nm to 10 nm, and 
pinhole-free. Single SHINs synthesis is gram level (such as 0.5 g to 10 g). The 
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到 20 世纪 70 年代[3]。本节简要介绍三种用于细胞研究的拉曼光谱技术及其在
细胞研究中的应用，即常规拉曼光谱（Normal Raman Spectroscopy）、表面增
强拉曼光谱（Surface Enhanced Raman Scattering，SERS）、壳层隔绝纳米粒








































图 1.1 单色激光作用于样品的散射示意图 






































































成分分析（Principal Component Analysis，PCA）[36]、线性鉴别分析（Linearity 
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